ABSTRACT Non-orthogonal multiple access (NOMA) technique, which is known to raise the performance of frequency spectrum constrained wireless communication networks, has obtained wide attention. In this paper, a NOMA-based resource allocation problem in the decode-and-forward relaying downlink network is considered. We aim to maximize the average user transmission rate, subject to the total system power constraint and users' quality of service requirement. A joint user-channel assignment and power allocation problem is formulated, which leads to an NP-hard problem requiring an exhaustive search. To tackle this problem, we adopt a decouple optimization method to separate the joint resource problem into two subproblems, a user-channel assignment problem, and a power allocation problem. After solving the two subproblems, a joint alternating optimization algorithm is proposed with low complexity. The simulation results show that the proposed joint optimal scheme can efficiently improve system performance in the limited channels of multiple users relaying networks.
I. INTRODUCTION
With the rapid growth of demand in future cellular networks, the mobile services of next generation cry for an ever better user experience over limited radio resources [1] . Facing the explosive increase of terminals and data traffic, the conventional orthogonal frequency division multiple access (OFDMA) likely struggles to deal with. As a result, it is a urgent and critical challenge to focus on a new multiple access technique to afford lower latency and higher spectrum efficiency in future wireless communication networks. Recently, the non-orthogonal multiple access (NOMA) technique is known to provide a feasible solution for raising the performance of spectrum constrained wireless communication networks [2] . Compared with the OFDMA scheme, scenario for both uplink and downlink NOMA cellular networks. Further, the joint power allocation and user assignment problem, aiming at average throughput maximization under several constrains, is formulated. The proposed NOMA-based resource allocation problem is solved by decouple method with a low complexity sub-optimal solution.
The relaying that can significantly enhance system capacity and boost communication coverage has attracted enormous interests over the past few years [14] , [15] . Recently, there are several heuristic works which focus on utilizing NOMA in relaying. Liang et al. [16] and Kim and Lee [17] address the performance analysis of classical source-relaydestination scenario. In [16] , an asymptotic outage probability is derived in the amplify-and-forward (AF) NOMA relaying. With the help of decode-forward (DF) relay, [17] analyzes the accurate closed-form expression of achievable rate in the NOMA network. References [18] - [20] focus the performance analysis problem in a cooperative NOMA scenario which consist of a source, a relay, and two destinations. In [18] , a closed-form expressions of the outage probability which adopts the simultaneous wireless information and power transfer (SWIPT) technique is derived. In [19] , an upper bound and two lower bounds of outage probability is derived in a buffer-aided NOMA relaying system. In order to improve the security of multiple-input single-output NOMA cognitive radio relying on SWIPT, an artificial-noise-aided cooperative jamming scheme is proposed in [20] . References [21] and [22] consider the performance analysis problem in the multiple users NOMA relay scenario with Nakagami-m fading channels. Men et al. [21] derive the closed-form expressions of outage probability in the AF relaying. Further in [22] , several outage probability measure are obtained in AF relaying system with the imperfect channel state information. Specifically, all the attempts in [16] - [22] focus on the performance analysis of the multiply users NOMA relaying. Few works try to allocate the resource in the NOMA-based relaying.
In [23] , a NOMA-based relay selection strategy is presented which attained the diversity gain with the minimal outage probability requirement. Kim and Lee [17] and Wan et al. [24] focus on power allocation in classical source-relay-destination NOMA-based scenario for AF relaying, DF relaying and full-duplex relaying, respectively. References [25] - [27] address the impact of NOMA on the performance of massive MIMO relaying system and propose the corresponding resource allocation schemes. Reference [25] proposes a new user assignment and antenna selection algorithm to maximize the sum rate. Combining with both SWIPT and massive MIMO in relaying system, the authors in [26] joint optimize the power splitting rate and beamforming vectors to maximize the date rate of strong user with the weak user rate requirement. By adopting alternating optimization method in [27] , the optimal power allocation and relay beamforming is achieved which aims at maximizing the achievable rate of the destination subject to quality of service (QoS) constraints. Reference [28] focuses on the user assignment and power allocation problem in the AF multiple source-user pairs NOMA-based relaying system, which decoupled the optimization problem into two subproblems. By adopting many-to-many matching game method, two efficient user assignment schemes are proposed with a fixed power allocation. Then, the optimal Water Filling power allocation scheme is given with a fixed user assignment. Considering the externalities between the users and cells, the authors in [29] address a user-cell association problem in downlink cellular communication system. The sum rate maximization problem with QoE requirement is formulated as a matching game with transfer rule. Then an efficient distributed greedy transfer matching algorithm is proposed. It is noted that the above-mentioned studies on resource allocation only focus on user assignment or power allocation respectively, but few studies concentrate on the joint resource allocation problem.
In this work, we consider the NOMA-based multiple users relaying system to improve spectrum efficiency in the scenario of multiple users and scarce spectral resource. Particularly in the cooperative cellular networks, the number of users is always bigger than the number of channels at relay and base station which leads to poor users' satisfaction. By introducing the SIC technique into NOMA-based relaying networks, we allow all the users to share the limited channels and eliminate the inter-user interference. A joint user-channel assignment and power allocation optimization problem is formulated to maximize the average user rate. The formulated joint resource allocation problem is non-convex which needs to transform another form. However, the transformed convex problem is NP-hard and need exhaustive search which cannot acquire the optimal solution in practice time.
The main contributions of this work can be summarized below:
• We introduce the NOMA mechanism into multiple users relaying networks with limited channels to enhance spectrum efficiency and users' fairness. A joint user-channel assignment and power allocation problem is formulated to maximize the average user rate in the downlink NOMA relaying system. Convex transformation and decouple optimization methods are adopted to separate the joint resource problem into two subproblems, a user-channel assignment problem and a power allocation problem. After solving the two subproblems respectively, a joint alternating user assignment and power allocation optimization algorithm is proposed with a low complexity.
• For the user-channel assignment problem, both the users and channels match each other to maximize their own profits. When we assume the users and channels are rational and selfish players, the user-channel assignment problem is formulated as a many-to-many matching game problem. Considering the externalities [30] , the choices of the users and channels are interactional. Then, the user-channel assignment problem can be represented as a many-to-many matching game with transfer rule equivalently.
30362 VOLUME 7, 2019 • For the power allocation problem, the water filling algorithm [31] is adopted to obtain the optimal power allocation which aims the maximum of average user throughput. We derive the equivalent channel gain to simplify the expression of the end-to-end transmission rate. An iterative water filling and Lagrangian method [32] is utilized to obtain the optimal power allocation. The user fairness with the poor channel condition is also considered. The remained of this paper is organized as follows. Section II describes the system model and the resource allocation problem. In Section III, the problem is formulated and reformulated by the convex optimization technique. In Section IV, the resource allocation problem is decoupled as two subproblems by using convex optimization method, and a joint alternating optimization algorithm is proposed in affordable time. In Section V, both the simulation results and the analysis are presented to compare the performances of the different resource allocation schemes. Section VI concludes the paper.
II. SYSTEM MODEL AND PROBLEM FORMULATION A. SYSTEM MODEL
We focus on NOMA-based relaying system as described in Fig. 1 , including one BS, one relay R and M users which use a single antenna configuration. The relay adopts the DF protocol which decodes and forwards the signals from the BS to all users. The set of users is denoted as {U 1 , U 2 , . . . , U M }. The available bandwidth of system is divided into mutually orthogonal channels, denoted as {SC 1 , SC 2 , . . . , SC K }. Comparing with the [33] , we take into account the more practical scenarios with M > K where the number of users is much bigger than channels. Due to its high frequency spectrum efficiency nature, we adopt NOMA technique to allow users to share the scarce channels. The detail transmission protocol is described as follow. In the first phase, the base station transmits the signals to the relay R and the users in all the K channels. Due to the practical scenarios with M > K , we adopt NOMA mechanism which allow M users divide into K groups, denoted as
A k is the user subset adopt the same channel over SC k . Each group occupies one channel independently and users in the same group use the same channel. In particular, we employ the theory of matching game [34] to get a better user-channel assignment. It is assumed that all the instantaneous channel side information (CSI) is available at the relay R, which varies in both transmission phases. In other words, the base station transmission in the first phase and the relay transmission in the second phase adopt the same user-channel coalition. In the second phase, the relay R decodes all the signals of base station and then transmits to the users by NOMA mode in the same user-channel assignment with the first phase. In the first phase, the superposed signal of user that the relay received from base station over is given by
where n r m ∼ CN (0, σ 2 r,m ) is the additive white Gaussian noise (AWGN) with zero mean and variance σ 2 r,m at the relay. x k,l and p k,l are the transmission information symbol and transmission power of user l from base station to the relay R over SC k , respectively. The complex coefficient of user m over SC k from base station to the relay R in the first phase is denoted by
is the distance between BS and relay R, and α is the constant path loss coefficient. Considering the existence of the direct path in the first phase, the m−th user receives the superposed signals over SC k is given by
where In the second phase, the relay decodes and forwards the data from the base station to the users. With the same assumption in [35] , the relay can correctly decode the information from the base station in this transmission phase. The superposed signals that user m receives from relay over
where to user m. d RD k,m is the distance between relay R and user m. The terminals, such as relay and all the users, perform SIC to reduce the interference from the other users with a bigger channel gain when receiving the signals [36] .
B. PROBLEM FORMULATION
Analyzing the formula (1) - (3), the interference of receive signal in the relay and user m over SC k in the receive terminals are given by
For the sake of NOMA transmission protocol and SIC technique, we can reduce the inter-user interference efficiently. For example, we consider the channel gain h RD k,m in the
The NOMA-based relay networks can reach the upper bound when we decode the signals of users according to the increment order of channel gain [37] . Then, the SINR of system in both two transmission phases are given by
On the basis of DF relay protocol [38] , the data rate of user over in both two phases is given by
For better understanding, we define a binary K × M user-channel assignment factor = φ k,m , in which φ k,m = 1 denotes that user m is assigned to channel SC k . The joint resource allocation problem φ k,m , p k,m , q k,m aiming at the sum-rate maximization of the system can be formulated as
where (11c) and (11d) shows that each user only assigns one channel, and (11e) indicates that the channel SC k can be allocated at most X max k users. Constraints (11f) and (11g) show that the transmission power of the relay and the base station are no more than P max B and P max R ,respectively. (11h) is the power constraints condition of sub-channel. Constrains (11i) guarantee the service quality of the worst user.
III. PROPOSED JOINT RESOURCE ALLOCATION SCHEME A. PROBLEM REFORMULATION
In last section, the original problem P1 is formulated which is non-convex and hard to solve it. In this section, we reformulate the P1 and propose the corresponding resource allocation problem. Firstly, we make some necessary definition. For the user set A k , we denote the number of element over channel SC k as S k . Then the user set over channel SC k are denoted
. In the downlink, the terminals including relay and all the users adopt SIC technique to decode and eliminate interference. For the sake of simplification, we stipulate that the order of the channel gain from the smallest to the biggest is 1, 2, . . . , S k − 1, S k which is the subscript to describe the users in set A k .
Secondly, we define the sum power of user m over SC k in both two phases as P k,m , while P k,m = p k,m +q k,m [33] . With the same assumption in [39] , the sum-rate R k,m of user m over SC k with a fixed sum power P k,m in P1 can be converted to
Theorem 1: Given a fixed sum power in P1, the equivalent channel gain of user m over SC k is expressed as (13) , shown at the top of the next page, where
Bring the equivalent channel gain of user m over SC k into the original problem P1, the resource allocation problem can be reformulated as
where
The resource allocation problem P2 aims to maximize the average user sum-rate with the total system power constraint and users' QoS requirement. However, the joint user-channel assignment and power allocation problem P2 is a NP-hard problem requiring an exhaustive search.
Theorem 2: The average user sum-rate maximization problem in P2 is a NP-hard problem.
Proof: See Appendix B. Using Convex Optimization Theory [32] , the joint user-channel assignment and power allocation problem P2 can be decoupled into two subproblems, user-channel assignment problem and power allocation problem. Then two sub-optimal resource allocation algorithms are proposed in the late subsections.
B. USER-CHANNEL ASSIGNMENT WITH FIXED POWER ALLOCATION
For the sake of solving user-channel assignment problem with fixed power allocation, we first denote the sets of users' utility and channels' utility as U user 
when U user m is average sum-rate of user m over all the channels, and U chan k is average sum-rate of channel k over all the users. Given a fixed power P k,m p k,m , q k,m of user m over SC k , the optimization problem P2 can be converted to
Adopting the matching game theory [34] , the optimization problem with user-channel assignment is equivalent to a many to one matching game with externality.
Definition 1: A matching µ is a user-channel pair, where µ ∈ M ⊗ K such that users set is M = {1, 2, . . . , M } and channels set is K = {1, 2, . . . , K }. Here, |µ (m)| = 1 and |µ (k)| = q k , where µ (m) = {m ∈ M : (m, k) ∈ µ}, µ (k) = {k ∈ K : (m, k) ∈ µ} and ⊗ denote the set of matching agents. |•| is the element quantity of the matching set or coalition. |µ (m)| = 1 indicates that one user allocates only one channel in order to avoid more interference between users. |µ (k)| = q k indicates that every channel accommodates the number of users at most. In other words, the maximum number (quota) users can be serviced by channel k.
Definition 2: A preference list is an ordered set for play i (i ∈ M ∪ K) which contains all the possible subsets. Given B 1 , B 2 , . . . , B n are the subsets of player i, player i's preference list P (i) = {B 1 , B 2 , . . . , B n } representing that B 1 , B 2 , . . . , B n are player i's potential matching pairs and
The set of preference lists of the users and channels are denoted as P = {P(D 1 ), P(D 2 ), . . . , P(D M ), P(SC 1 ), P(SC 2 ), . . . , P(SC K )}, where P(D m ) and P(SC k ) are the preference Specially, the users build their preferences with utility function to choose different channels. For any user m and any two channels k, k ∈ K, k = k , two matchings µ, µ ∈ M ⊗ K, m = µ (k) , m = µ (k), there are the properties as follow:
Similar, for any channel k and any two users m, m ∈ M, m = m , two matchings µ, µ ∈ M ⊗ K, m = µ (k) , m = µ (k), there are the properties as follow:
It is noted that the word 'transfer' represents two transformation forms, T m n (m n ) or T m n n , i.e., swapping two users accessed to different channels or switching one user to other available channel.
Definition 6: A transfer matching µ is a two-side stable if and only if there does not exist any transformation as follow:
(
Lemma 1: Any transfer matching T m n n (m n ) for which
. Proof: For the sake of generality, the social welfare function can be defined as the utility function. Seen from formula (22) (23) and T m n n . Therefore, the prove process of Lemma 1 need be splitted up two cases which has the similar idea of proof given in [40] and [41] .
The detailed description of user-channel assignment process is shown in the Tab. 1. 
C. POWER ALLOCATION WITH FIXED USER-CHANNEL ASSIGNMENT
Given a fixed user-channel assignment φ k,m of user m over SC k , the optimization problem P2 can be converted to
When the number of users becomes large enough, the duality gap of the optimal problem P4 can be negligible [32] . To be specific, applying a dual approach, we can solve it to obtain asymptotically optimal solution [42] .
For a given P k,m , let
where µ k , ω, ξ and η m are lagrangian multipliers with ∀k, ∀m. Obviously, L is a concave of P k,m . For the optimization problem P4, while subjecting to P k,m ≥ 0 and using Karush-Kuhn-Tucher conditions, we have
Then the transmission power of P k,m is allocated through the water filling algorithm and expressed as
where x + = max (0, x). Applying the subgradient method [26] , we can gain the Lagrange dual function L P k,m , µ k , ω, ξ, η m for a initial value of Lagrange multipliers µ k , ω, ξ and η m . The subgradient-update equations of µ k , ω, ξ and η m are given by
where n, τ µ (n), τ ω (n), τ ξ (n) and τ η (n) denote the iteration index, the step sizes of the n th inner iteration for the dual variables µ k , ω, ξ and η m , respectively. We adopt the diminishing step size policy in the subgradient iterative method which guarantees that the optimal dual variables is achieved [42] . The details about iterative power allocation algorithm can be found in [43] .
D. PROPOSED JOINT RESOURCE ALLOCATION ALGORITHMS
In previous sections, the joint resource allocation problem P2 is decoupled as two subproblems, a user-channel assignment problem with a fixed power allocation and a power allocation problem with a fixed user-channel assignment. Then the user-channel assignment power allocation algorithm (USAPAA) aiming at average user rate maximization is described in Tab. 2. In Tab. 2, the joint resource allocation problem is separated by two subproblems and solved respectively. In order to get better performance of networks, a joint alternating optimization algorithm is proposed in affordable time which is described in Tab. 3.
IV. SIMULATION RESULTS
We have obtained the optimal joint user-channel assignment and power allocation for maximization average user rate in the previous sections. In this section, the performance of the proposed USAPAA and JUSAPAA in the NOMA relaying scenario are evaluated. We compare the proposed algorithms with USAFPA scheme [29] , the OFDMA scheme [44] and the global optimum by exhaustive search. A fixed transmission power user-channel matching algorithm is adopted in the USAFPA scheme. Compared with NOMA scheme, the classic OFDMA scheme allows that each channel is assigned to only one user. For the exhaustive search scheme, we traverse all the possible user-channel combination with a fixed power allocation to find the optimal value. The simulation parameters are shown in Tab. 4. It is illustrated that the bigger running time value need the more complex matching algorithm. The running time of exhaustive search algorithm grows exponentially with the increment of number of users, which is not fit for practice. The computational complexity of exhaustive search algorithm is much bigger than the USAPAA and JUSAPAA, which further proved proposed algorithms' effectiveness. The running time of USAPAA and JUSAPAA grows gradually, and JUSAPAA has a little bigger computational complexity than USAPAA. Fig. 3 depicts the average user rate vs. the max transmission power, which compared with different resource allocation schemes, such as JUSAPAA, USAPAA, USAFPA and OFDMA. In order to simplify the discussion, we set maximum transmission power of base station and relay P max B = P max R = P max . Obviously, the average user rate of JUSAPAA, USAPAA and USAFPA matching algorithms outperform the OFMDA strategy significantly due to its high frequency spectrum utilization. Compared with USAFPA and OFDMA schemes with the increment of P A and K = 4 M = 14, JUSAPAA and USAPAA schemes provide better spectral performance. Because of alternative optimization with user-channel matching and power allocation strategy, the JUSAPAA scheme has the higher average user rate than all other related work. Little worse than JUSAPAA, the USAPAA outperforms the USAFPA and OFMDA strategy due to its joint user-channel matching and power allocation strategy. Particularly in the high SNR regime when P max = 40 dBm, the JUSAPAA can obtain about 0.26 dB, 0.44 dB and 3.36 dB gain compared with the schemes USAPAA, USAFPA and OFDMA, respectively. In addition, Fig. 4 analyzes the average user rate vs. the number of users in the different matching and resource allocation schemes when P max = 40 dBm, K = 4. We first compare the three NOMA schemes, such as JUSAPAA, USAPAA and USAFPA, with the OFDMA scheme. Because users don't share channels and limited number of channels, the OFDMA scheme provides the worst performance. With the increment of the number of users, the average user rate almost remains because of the fixed spectrum resources. When the number of users increases, the JUSAPAA, USAPAA and USAFPA schemes increase and then become saturated due to the NOMA gain getting less and less. We can find that the proposed JUSAPAA scheme has the best average user rate among all the other resource allocation schemes. Particularly when the networks is crowded with 20 users, the JUSAPAA can obtain about 0.36 dB, 0.54 dB and 3.98 dB gain compared with the schemes USAPAA, USAFPA and OFDMA, respectively. From another point of view in Fig. 5 , we analyze the relation between the worst user rate and the number of users in the different resource allocation schemes with P max = 40 dBm, K = 4. The worst user could be the user located in the edge of cell, which suffers the worst channel fading. Seen from the figure, the NOMA schemes has better user performance than the OFDMA scheme due to its flexible spectrum using strategy. The cell edge users have a relatively high average user rate when the number of users is small. With the increment of the users, the worst user rate decreases rapidly and turns to be stable in a very small value in a very crowded network. The same with Fig. 4 , the JUSAPAA scheme also has the best cell edge user performance among all the other resource allocation schemes. Once M > 14, the performance gap becomes less and less, because the complex resource allocation strategy is useless in such a crowded network.
It is observed from Fig. 6 that the average user rate of different X max K is contrasted in the proposed JUSAPAA scheme when P max = 40 dBm, K = 4. When the X max K is fixed, the average user performance grows with the increment of the max transmission power P max . It is because the bigger X max K allows more users share one channels which provides a better spectrum utilization. It is noted that bigger value provides a better user performance, but also needs more computational complexity which should take a tradeoff in the practice.
V. CONCLUSION
In this work, we consider the NOMA-based relaying system to improve spectrum efficiency in the scenario of multiple users and scarce spectral resource. By introducing the NOMA technique into relaying networks, we allow all the users to share the limited channels offered by the relay. A joint user-channel assignment and power allocation optimization problem is formulated which aims to maximize the total users' sum rate. By using alternating optimization method, we decouple this problem as two subproblems, a user-channel assignment problem and a power allocation problem. After solving the two subproblems respectively, a joint alternating optimization algorithm is proposed in affordable time.
We consider downlink NOMA relaying that the weakest channel gain user suffers the biggest interference. On the contrary, the biggest channel gain user has no interference. Therefore, we first solve the transmission power of the two phases at user U k
The transmission power of the two phases at user U k S k are given by
Then, we solve the transmission power of the two phases
It should be pointed out that the transmission power for user U k S k has derived, which means the interferences of user U k S k −1 are known. We have
The transmission power of the two phases at user U k S k −1 are given by
In the same way, we solve the transmission power of the two phases at users
Finally, we adopt inductive method to obtain the equivalent channel gain user m over SC k , which is expressed as (42) , shown at the top of this page.
B. PROOF OF THEOREM 2
The proof procedure can be separated into two cases, X max k = 1 and X max k > 1. When X max k = 1, P2 turns to be a joint user-channel assignment and power allocation problem. In the classic OFDMA system, it has been proved as a NP-hard problem. The similar proof method can be obtained in [45] .
When X max k > 1, we can allocate the power with a fixed value over each channel and proof it is a NP-hard problem. However, the matching problem with fixed power allocation has been proved to be a NP-complete problem in [46] . Therefore, the instance of P2 with fixed power allocation is a NP-hard problem [47] .
Finally, the average user sum-rate maximization problem in P2 including X max k = 1 and X max k > 1 is a NP-hard problem. 
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